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SUMMARY 
This thesis describes the application of an interferometer 
capable of determining concentration gradients to the measurement of 
binary diffusion coefficients. The objectives of the study were to 
develop a technique adaptable to the differential interferometer for 
the determination of the diffusivity of volatile liquids; assess the 
method for practicality and accuracy; and apply the technique to the 
evaluation of the diffusivities of substances previously unreported. 
The method used a differential interferometer with three 
Wollaston Prisms, a high-speed camera, and a timing device to record 
the change in concentration gradient with time during the diffusion 
process. A test cell was constructed that modeled the transient one-
dimensional evaporation of volatile liquid into stagnant air. The 
equations describing this process were adapted to a relative time 
solution and modified to make use of interferometrically generated 
data. 
Tests were conducted on eleven of the seventeen test substances 
selected for potential investigation. Data are presented for five 
substances whose diffusivities are available in literature. Differ-
ences from established values varied from 3-9 percent low to 23-5 
percent low. All tests produced diffusivity values below the accepted 
norm. Data are also presented on three previously unreported substances. 
The remaining nine substances selected for possible study are unreported 
due to incompatibility with the test system. 
The main cause of error in the reported diffusivities was poor 
modeling of the theoretical initial condition by the test cell. Pre-
mature diffusion, which occurred in most tests, was dependent on the 
volatility of the substance being tested. The conclusion was reached 
that, while the interferometer was adaptable to diffusion study and 
capable of producing diffusivity data in a relatively short time, the 
method developed in this investigation was less accurate than other 
techniques. The additional conclusion was reached that the number of 
substances suitable for interferometric diffusivity determination are 
relatively limited. 
CHAPTER I 
INTRODUCTION AND BACKGROUND 
The ability of the Interferometer to provide data on concentration 
and temperature distributions makes it an extremely useful tool in the 
study of heat and mass transfer. The change in temperature and/or con-
centration distributions produces a change in the pattern of index of 
refraction which may be detected through the use of an interferometer. 
The device is also useful since it has little or no effect on the process 
under study and it also is suitable for the consideration of rapidly 
changing transient phenomena when coupled with a high-speed camera sys-
tem. 
The use of optical methods based on interference patterns to 
study diffusion is not a recent development. Many investigators have 
applied numerous interesting techniques. The great majority have been 
applied to diffusion in liquids, as the following examples indicate. 
Kegeles and Gostling [35] presented in 19̂ -7 the theory for a 
fringe system that would be formed by passing the light from a slit 
through a diffusing boundary. This was a redevelopment of the much 
older Gouy interference method of l880. Longsworth [36] and Ogston 
[U5] made use of optical devices called Gouy diffusiometers to experi-
mentally verify the theoretical predictions of Kegeles and Gostling. 
Coulson and co-workers [17] applied similar techniques to find the 
diffusion constant for a dilute solution-solvent system. In 1950 
Longsworth [37] presented results obtained using flowing junction cells 
and the Gouy diffusiometer applied to liquid diffusion. 
Philpot and Cook [U8] modified a Rayleigh interference refracto-
meter in l^hQ to use in liquid diffusion study. A two cell technique 
with a focusing lens was utilized in which the results obtained repre-
sented local difference in index of refraction. Nicolas and Calvet [̂ 3] 
also made use of the Rayleigh type interferometer and a two cell method 
to study liquid diffusion and sedimentation. 
Svensson [60, 6l, 62, 63, 6h, 65, 66] published numerous articles 
between I9U9 and 1952 concerning the development of a new interferometric 
technique in liquid diffusion. Based upon the earlier work of Philpot 
and Cook, a Rayleigh interferometer was modified to measure both refrac-
tive index and its gradient by changing the arrangement of the slits. 
Svensson demonstrated the use of the system by measuring diffusion in 
a sugar/water system. Further development of the optics involved 
replacing the single slit of the Rayleigh interferometer with a device 
that produced fringes of the higher intensity needed in the studies. 
Robinson [53] developed an interferometric technique to study 
diffusion in polymers and with Crank [l8] applied the method to the 
study of the action of five penetrants. The Jamin type interferometer 
was adapted in 1952 by Antweiler [2] to study sedimentation, electro-
phoresis and diffusion constants. Saini and Moraglio [56] used the 
apparatus developed by Anteweiler to study the diffusion of a one 
percent sucrose solution in water. 
The use of the Wollaston Prism in diffusion studies was intro-
duced by Weinstein [75] in 1953- Use was made of a single prism to 
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split a ray from a monochromatic light source. The split ray was passed 
through a twin cell and back through the prism. Fringes were produced 
on an image of the cell that could be interpreted in terms of both the 
index of refraction and its gradient. 
The use of birefringence interference produced by Savart plates 
was first used by Ingelstam [32] in 1955- The technique was applied to 
the diffusion of amino-acetic acid (glycine) in water. Bryngdahl [9, 10, 
11, 12, 13] also made use of Savart plates in work on liquids in which 
diffusion and boundary formation were studies and the deviation from 
ideal conditions was investigated. Later, the limitations of the 
Savart type interferometer were discussed by Porsch and Kubin [49] who, 
in 1968, proposed a more general method than that of Bryngdahl. 
In the 1960's other new methods of investigation were applied to 
liquid diffusion by Caldwell, Hall, and Babb [l4] who first used the 
Mach-Zehnder interferometer and Hariharan and Sen [29] who modified a 
three beam instrument to find concentrations of a solution along a 
vertical axis. Hook, Davis, and Kotin [31] used a computer to evaluate 
Rayleigh fringe displacements. A method that made use of Moire inter-
ference patterns was demonstrated by Nishijima and Oster [44] in 1964. 
Inoue, Osugi, and Inoue [33] developed new diffusion cells for use with 
a Schlieren knife edge method in liquid state studies. 
Further developmental work in the 1960's was carried out by 
Thomas and Nicholll [67] who used Savart plate interferences and a 
flowing junction cell to study a sucrose-water problem. A double 
Savart plate Interferometer was utilized by Haluska and Colver [28] 
to determine the diffusion coefficient of toluene in methyl-cyclohexane. 
k 
Paul [J+6] in 1967 described a very simple interference technique 
using partially reflecting microscope slides in a wedge with a very 
small angle. The device was used to determine concentration profiles 
in polymer-solvent diffusion. Duda, Sigelko, and Vreitas [21] also 
used partially reflecting plates to measure the diffusion coefficient 
in a concentration dependent sucrose-water system. Results of the measure-
ments pointed out the determinations using the simple wedge device are 
subject to significant errors unless great care is exercised. 
Another variation in liquid diffusion study was introduced in 
1968 by Travincek and Fan [69]. A laser light source was combined with 
a Fabry-Perot interferometer to measure the diffusion coefficient of 
benzene in cyclohexane. A laser was also used in the diffusion layer 
studies of Watkins and Tvarusko [73] using a Lloyd mirror-interferometer. 
An interesting development was the use of an array of n-p-n silicon 
photo cells to detect interference fringe movement. 
More recently the interferometer has been applied to the thermal 
diffusion problem in liquids. In 1962 Chanu, Mousselin and Parra [l6] 
described an optical method for thermal diffusion measurement. Bierlein 
[U] applied the principles of Gouy interference to binary liquid systems 
undergoing thermal diffusion. The Soret effect was measured in a 
cadmium sulfate water system by Wallin [71] in 1969. In this study use 
was made of a modified Savart interferometer and a double exposure 
photographic technique. 
While numerous examples of the interferometric study of diffusion 
in the liquid state exist (as previously listed), cases involving eva-
poration or gas-gas diffusion are relatively rare. One gas-gas 
diffusivity determination by interferometric means found in the litera-
ture was reported in 1951 by Boyd, Stein, Steingrimsson and Rumpel [8]. 
This reference describes a method for determining the diffusion coeffi-
cients in gaseous systems using a Loschmidt type cell. Using a Mach-
Zehnder interferometer, the diffusivities of several gases in either 
hydrogen or nitrogen were measured. 
In i960 Ross and El-Wakil [5*+] presented a two-wavelength tech-
nique for the study of fuel vaporization. The use of the two wavelength 
method allows the separation of the temperature and concentration 
gradients detected in the fringe displacements produced by a modified 
Mach-Zehnder interferometer. A similar interferometer was used in 
I96U by El-Wakil and Jaeck [22] in a two-wavelength study of the eva-
poration of n-hexane from a cylinder in cross airflow. The Mach-
Zehnder system was used again in 1966 by El-Wakil with Meyers and 
Schilling [23] to study the concentration profiles in the steady state 
evaporation of a volatile liquid from a vertical plate in a heated air-
stream. Only one wavelength was used in this study since the assumption 
was made that the normalized temperature and concentration profiles 
were similar. Sadovnikov, Smol'skiy and Shchitnikov [55] also made use 
of a two-wavelength system in their determinations of simultaneous heat 
and mass transfer in a volatile fluid diffusion into air. 
The evaporation of water has been investigated using the inter-
ferometer in two studies. Adams and Meier [l] used a Mach-Zehnder inter-
ferometer and a gas laser light source to observe the density gradients 
near a water-air interface. This work involved the evaporation of both 
heated and room temperature distilled water and it provided observation 
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of I,tie changes i.n (..he thermal layer and temperature gradient in the 
region near the interface. Prasad, Chen and Beard [50] also have inter-
ferometrically studied the temperature and concentrations near a water-
air interface. The purpose of the Prasad study was to devise an alter-
native to the two-wavelength technique for simultaneous heat and mass 
transfer study in which difficulties arise due to the insufficient 
independency of the equations. 
Grob [26, 27] in a study similar to the work of this thesis 
investigated the diffusion of volatile liquids into air using a Mach-
Zehnder interferometer. The method developed involved a relative time-
relative position technique for the determination of diffusivity that 
eliminated the need of knowing the total mass flux from the evaporating 
surface. 
Many of the interferometric methods used for studying diffusion 
phenomena listed in the literature review have been motivated by a 
desire to shorten the time required for diffusivity measurements. The 
methods proposed for diffusivity determinations fall mainly into three 
general categories. Two of the three techniques may be adapted for use 
with an interferometer. The Loschmidt [38] method is a transient, one-
dimensional process using two equal volume chambers filled with different 
gases that are initially separated. The study of the interchange of the 
gases in the chambers after removal of the barrier between them can 
result in determination of the diffusivity. This method is limited to 
gases and is suitable for use with an interferometer. 
A second method follows the work of Stephan [58] and consists of 
the steady state, one-dimensional evaporation of a liquid vapor into a 
stagnant gas. The diffusion occurs in a long tube. The concentration 
of the diffusing gas must be fixed at the tube exit. This method is 
not adaptable to interferometric means but is still useful since gradient 
information is not necessary for diffusivity measurement. 
The Arnold [3] technique is the most recently developed of the 
three major methods and involves the evaporation of a volatile liquid 
into a stagnant film of gas. It Is a transient one-dimensional tech-
nique requiring initial separation of the components as In the Loschmidt 
method. It is similar to the Stephan method in that it also requires 
vapor pressure data. 
A differential interferometer of the three Wollaston Prism type 
was available in the Georgia Institute of Technology School of Mechanical 
Engineering and had not previously been utilized in diffusion studies. 
The ability of this device to directly produce data on the gradient of 
index of refraction and in turn concentration gradient made its appli-
cation to diffusivity studies natural. The investigation of liquid-
liquid diffusion was avoided due to the great amount of interferometric 
study already done on liquid systems and the evaluation of the eva-
poration of volatile liquids was undertaken. A modified Arnold tech-
nique was used in conjunction with a diffusion cell-differential inter-
ferometer-high-speed camera system to determine diffusities. This work 
used an adaptation of Grob's relative time solution applied to the 
differential interferometer. Since the interferometer used produced 
information about gradient in index of refraction, a significant simpli-
fication in Grob's method could be realized due to the elimination of 
the relative position slope calculation. 
CHAPTER II 
THEORETICAL DEVELOPMENT 
The diffusion process under consideration consists of the 
unsteady evaporation of a species A into a second, stagnant species B. 
The theory which follows is limited by the following assumptions: 
1. Species A and B form an ideal gas mixture. 
2. The temperature and total pressure are uniform throughout 
the system. Thus, no thermal or pressure diffusion occur and the 
molar density of the mixture, c, and the diffusivity, D , are constants. 
AB 
3. Species B is insoluble in liquid A. 
k. The diffusion is one-dimensional and occurs in an infinitely 
high channel. 
5. No chemical reactions occur. 
6. Equilibrium exists at the liquid-gas Interface. The diffusion 
system is shown schematically in Figure 1. 
A mass balance applied to a differential element located an 
arbitrary distance, z, above the liquid interface yields the continuity 
equation for both species [5] 
T5T + (v • V = RA (II"1A) 
•w+ (v • V = EB ( I I-1 B ) 
z = 0 
Region of pure 
species B 
Region of mixed 
species A and B 
Interface 
Liquid substance A 
Figure 1. Schematic Drawing of Diffusion System 
Applying the assumptions of one dimensionality and the absence of 












6t 6t i K+ V = 
bHAz W Bz 
6z bz 
(H-3) 
Since the mixture of species A and B has been assumed to be a perfect 
gas with uniform temperature and total pressure 
c. + c^ = c = constant 
A. D 
Thus 
b(c + c ) . 
A B
 = 52. = o = - -2- (N. - E, ) (il-H) 
bt &t QZ Az Bzy ^ ' 
Since the quantity (N + N ) has been shown to be independent of z, 
1\ZJ ±-> £J 
it must be a function of time only. 
Fick's First Law may be written in the form 
HA = V \ + V " cDAB VXA (TI-5) 
Since the vapor of species B is assumed insoluble in liquid A, the flux 
of species B must be zero at the liquid-gas interface. Rewriting Fick's 
Law at the interface (z = 0) gives 
NA0 = XAC/NA0 + 0 ) " CDAB ^A 
By rearranging and applying one-dimensionality 
(n-6) 
z = 0 
C D A R ^ A 
N = — — - I ( I I - 7 ) 
A0 ^ A O bz Lo [ } 
1.1 
Since the sum of the molar fluxes has been shown to be independent 
of z by Equation (II-4), the flux at the interface, N , must be equal 
to the total flux at any z. Thus 
NAz + \Z = 1^ ~£ I ^^ 
AZ BZ 1 X A Q OZ |z = Q 
Substituting Equation (II-8) into Fick's Law (II-5) and applying the 
one-dimensional assumption again gives 
Az A 
- "CDAB ^A 
1_XA0 6Z U = 0 
taA 
•CDAB -W (II"9) 
Equations (II-9) and (II-2A) can now be combined to produce 
1 ^ A _ 6(cA/c) ^ A ^ A + 
c 6t &t 6t " AB v 2 
DAB ^A ^A 
L-XA0 bZ lz = 0 ^ 
(11-10) 
where D has been assumed to be a constant. The equilibrium mole 
.A.-D 
fraction, x. , which appears in Equation (II-IO) is equal to the ratio 
.A.U 
of the vapor pressure of substance A to the total pressure. This is a 
valid equality for all cases except those involving extremely high 
evaporation rates [2h, 70]. 
The initial and boundary conditions to be applied to Equation 
(II-IO) are 
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For t = 0 ; x = 0 for z > 0 (II-11A) 
For z = 0 ; x = x for t > 0 (II-HB) 
For z = oo ; x = 0 for t 2> 0 (II-IIC) 
Equation (II-IO) and the above conditions describe the transient, one-
dimensional, diffusion process under consideration. 
The solution of this system, given by Equation (ll-2l), is 
patterned after the work of Arnold [3]. The solution is obtained by 
defining the following two similarity parameters 
x 
X = — (11-12) 
XA0 
and 
E = (H-13) 
where X is a dimensionless concentration and E is a dimensionless 
coordinate perpendicular to the evaporating surface of species A. 
Assuming that X is a function of only E, for any x Equation (ll-io) 
becomes 




l i ^ r i i ^f(E) (II-15) 
^ X XA0 ^ !E = 0 
which represents a dimensionless molar velocity. The transformed 
boundary conditions are 
For E = 0 ; X = 1 (lI-l6A) 
For E = oo ; X = 0 (II-16B) 
The transformed system of Equations (il-l̂ -) and (ll-l6) may be solved 
by setting 
X' = § (11-17) 
Equation (11-lU) now becomes 
^r- + 2(E - Q) X' = 0 (11-18) 
dE 
Separating the variables and integrating gives 
1^ § = exp[-(E - Q)2] (11.19) 
Separating and integrating again yields 
h § = 2 erf(E " Q) + ^ (II"20) 
Application of the boundary conditions to Equations (II-19) and (II-20) 
gives the solution of Equation (11-1*4-) as 
* •x i ra 1Q) <"^> 
where the constants of integration are 
K^ = ^L^- [1 + erf Q] (11-22) 
-*/ n 
Kg = ^ (11-23) 
The portion of Arnold's solution required for the determination of D. 
results from the combination of Equations (11-22) and (II-I9) which 
yields 
dX _ exp[-(E - Q)2] ( k) 
dE ~ — K ' 
r [1 + erf Q] 
This expression will be used in the relative time manipulation of the 
similarity parameter E that results in an expression for D. in terms 
of measurable quantities. Also obtained from the solution is a new 
expression for Q 
XAO = T | ° , ( I I " 2 5 ) 
•z = 0 1 + -x (1 + e r f Q) exp[CT] Q J~TJ 
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which is the resu l t of combining Equations (11-15) and (11-2^-) 
Recall the def ini t ion of the dimensionless coordinate E 
E = Z (H-13) 
y~^~t AB 
For given times t and t, the derivatives of E are a b 
SE 
bz 
a v AB a 
6E 
bz 
\ J k\B\ 
Solving Equations (11-26) for time gives 
t = 1 f^® 
a 5DAB - u„ 
2 
AB u 'b 




(l/ff ) (II-27A) 
b = SIT- ( V § ) (H-27B) 
^-W^Tj[(^l-(^U ^ b x u~ 'a 
which is valid at any distance above the interface. For continuous 
derivatives 
1.6 
bX = dX _bE 
6z dE 6z 
(11-29) 
The information obtained from the solution of Equation (11-lU) is now 
used to convert from the similarity parameter E to the vertical coordi-
nate z by substituting Equation (II-2U) into (11-29). After rearrange-




-2 exp[-(E - Qri 
TT (1 + erf Q) (bX/bz) 
(H-30) 
Substitution into Equation (11-28) gives 
AB t^ - t 
b a 
-2 
J TT (1 + erf Q) 
1 
exp[(E-Q)2] S b 
1 
2 
exp[(E-Q)2] H ' 
(11-31) 









(tb - ta)TT(l + erf Q)' exp[(E-Q)2] -gA b 
- ( i—srf] ^-^ 
exp[(E-Q) 2]^ a 
Since the proposed method for measurement of D involves an 
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optical technique, Equation (II-33) for diffusivity must be expressed 
in terms of interferometric parameters. This deriviation follows in 
the analysis below. 
The index of refraction for a mixture of two gases, A and B, is 
n = nA + nB - 1 (H-3^) 
The Lorenz-Lorentz Equation for molar refractivity, N is 
N = V ~ ("-35) 
n + 2 p 
For gases whose index of refraction is very close to 1.0, this equation 
may be reduced to 
n = | f + 1 (H-36) 
According to Equation (11-3^) the index of refraction for the combination 
of gases A and B now becomes 
n - i ! A + i V ^ + 1 ( } 
n 2 MA 2 Mg
 { ' 
Since 
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PA = MAcA (II-38A) 
PB = MgCg (II-38B) 
and 
c = cA + cB (H-39) 
Equation (II-37) can be rewritten as 
n = ( - N - - N ) c + — Nc + 1 (ll-4c0 
^ 2 A 2 B / A 2 B v ; 
Differentiating with respect to z and dropping the deviative of the 
constant molar density, c, gives 
— = - (N - N ) — - (ll-4l) 
Discussion in Chapter IV will show that for the differential interfero-
meter, the gradient of the index of refraction is proportional to the 
shift in the parallel fringe pattern. From Equation (iV-̂ -) 
bz 
X 
2Lg(n^ - n )i 
m (11-^2) 
The quantity within the brackets consists of optical parameters and m 
is the fringe deflection. Substituting this result into Equation (iI-̂ -l) 
19 
y i e l d s 
6c 
- (N - N ) 
2 v A BJ bz 
A 
_ 2Lg(n - n 
e o Te J 
m H-i+3) 
U t i l i z i n g the equat ion of s t a t e for an i d e a l gas and rea r rang ing 
Equation (II-V3) g ives 
bx A 
bz L ^ ( ne " V 1 
RT 
- 3*(NA - \ ) 
m (n-iao 
Equation (11-33) combined with Equation (II-MO now may be expressed as 
:i-xA0)
2Q2exp(Q2)r 3Lg(ne •• nQ)9P(NA •• Ng) 
AB ^^J \RT 
2 2 
exp[(E-Q)2]m b V exp[ (E-Q)2]m a J 
(H-^5) 
Equation (11-^5) is not readily solved for D since E is a 
Ar> 
function of not only D.R but also absolute time. Theoretically, the 
diffusion process is started instantaneously giving a definite instant 
for which t = 0. However, the test procedure required a finite time 
to extract the cover plate and start the evaporation of the exposed 
liquid. This initiation time produces uncertainty in absolute time and 
a corresponding potential error in the measured value of DAr>. 
The initial attempt to overcome this problem made the assumption 
that the fringe deflection measurements would be made at the liquid-
gas interface. If z = 0 then E = 0 and Equation (lI-J+5) may be simpli-
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fied to 
(! - **J 2Q 2 r 3Lg(n - n )9P(N. - \ ) . A° AB " (X " tj 
A j(H 
m, „ / \ m b ay ART bO aO 
In this equation DflT. becomes a function of only relative time, two AB 
fringe shift measurements at the interface and the physical and optical 
values required for any solution. However, the duplication edge (see 
Chapter IV) makes observation of the evaporating interface impossible. 
This difficulty necessitated a solution using absolute time or obser-
vation of the fringes away from the interface. 
An attempt to produce a solution by using absolute time produced 
diffusivity values which were unacceptably far from expected results. 
Zero time was arbitrarily selected to be the time at which the cover 
plate was one-half extracted. A set of correction curves was generated 
using the absolute time to enable iteration for D in this attempted 
solution. 
The possible solution of Equation (H-^5) can be accomplished by 
determining a method for evaluating E without a knowledge of either D 
AB 
or absolute time. The method uses fringe deflection measurements at 
two different distances from the surface, z and zp, at two different 
times, t and t . Recall Equation (lI-30) 
a D 
'£L\ - -2 exp[-(E - Q)21 
1/fp- = "g *^-\* - */ I ( I I_ 3 0) 
°Z J / T ? (1 + erf Q)(bX/bz) 
Combining Equations (11-32) and (II-M+) gives 
21 
M = -i_ r ,
x "i r ,2RT ] 
oz xA„ L 2Lg(n - n )9 J L 3P(N. - N j J O
m : n-^7) 
e o A B 
When the two equations above are combined and rearranged they yield 
1 f ART 
'AO ^e~noy" 
m = ^ J I (1 + erf Q) J- |_ ^ j exp[(E-Q)^] m (H-U8) 
where 
\RT 
r (1 + 6rf Q) ̂  L 3l€(n -n )eH\-\) J = C ° n S t a n t = K3 (lI^9) 
AU e O A r) 
for a given test. Thus, at a given time t 
H I = ̂  exp [(E - Q)2] m (n-50) 
Then for the two distances above the interface z and ẑ  at given time 
bE 
6z | = ̂  exp[(E(Zl) - Q) ] m (H-51A) 
•t,z 
6Z lt,z2 " 
K0 exp[(E(z_) - Qr] m (II-51B) 
These two expressions must be equivalent since for the given time t 
from definition 
E = Z (H-52) 
^ V 
Taking the derivative with respect to z yields 
&E 1_ 
bz 't JTfi-t 
^ function(z) (H-53) 
which is constant for invariant DAri at a given time. Thus expressions 
Ah 
(II-51A) and (II-51B) are equal and 
exP[(E(zJ-Q)
2K = exp[(E(z )-Q)2]m (II-5M 
1 z l ^ Z2 
Also at the given time t for z and z from the definition of E 
z l 
E(z ) = — — — (H-55A) 
/ ^ t 
z ? 
E ( z Q ) = — = = (H-55B) 
V^D~t 
Thus by combining 
E(Zl) = E(z2) ( ^ ) (11-56) 
1 
Substituting this expression into Equation (11-5*0 ? taking the logarithm 




/ Z2 (zx) [ 2Q - 2 ̂  -
- In = 0 (II-57) 
which is a quadratic equation in E(z ). This equation may be solved 
for E(z ) if the two vertical distances, z and zp and the correspond-
ing fringe shifts at those levels, m and m , are known. The solution 
Zl Z2 
results in a correction factor, r_, that is applied to the fringe deflec-
tion measured at the top of the duplication edge where z = z . The 
factor is of the form 
exp[(E(z1) - Q n 
Zl exp[Q2] 
(11-58) 
The corrected fringe deflection becomes 
m = m r 
cr z. 11-59) 
Equation (11-^5) for diffusivity now is 
2̂ ? 
l - x A J Q r 3Lg(n -n )9P(N -N ) n AO 
AB 
b a 
e 0 / v A B' 
XRT 
2,- 1 N2n 
J L\ m /, \ m 
c r b c r a 
( 1 1 - 6 0 ) 
The working form of this equation that was used in the data reduction is 
DAB = ^ - X A < / ^ ^ Ptr (11-61) 
where 
K = 
3Lg(ne - nQ)9P(NA - Nfi) 
XRT 
(11-62) 
and P, is the test result parameter 
tr 
tr t, - t b a m m 
i \ 2 i 
J 
(11-63) 
cr b cr a 
CHAPTER I I I 
EVALUATION OF PHYSICAL AND OPTICAL PARAMETERS 
Several of the parameters in Equation (II-60) are constant for 
all the test runs. They are: 
L = 35.66 cm = test cell length 
g = 100.0 cm = focal length of the spherical mirrors in the 
differential interferometer 
n - n = O.OOQll = difference In index of refraction of the 
e o 
extraordinary and ordinary rays in the Wollaston Prism material. 
o 
\ = 5820 A = t e s t wavelength 
R = 82.05^ = u n i v e r s a l gas cons tan t 
g-mole °K 
The test cell length was determined by fully assembling the cell 
and measuring the glass to glass distance with a large vernier caliper. 
The test wavelength and the mirror focal length were obtained from 
technical information about the interferometer supplied by the manu-
facturer [57]- The Index of refraction increment, n - n , was deter-
mined by plotting the value of this parameter as a function of the wave-
length and interpolating for the value at the test wavelength. All of 
the remaining terms in Equation (II-60) vary from test to test. 
The determination of the values of the atmospheric pressure, P, 
atmospheric temperature, T, Wollaston Prism angle, 0, equilibrium mole 
fraction, x , dimensionless molar average velocity, Q, and the molar 
refractivities, N and N will be discussed in the remainder of this 
chapter. The determination of (t - t, ) and the fringe deflections, 
m and m, , will be discussed in the data reduction section. 
a b' 
Equilibrium Mole Fraction 
The assumption that the mole fraction at the interface was equal 
to the equilibrium mole fraction was used in Chapter II. Although the 
system is not at equilibrium during the tests, deviations from equili-
brium in the vicinity of the interface are small except in the case of 
extremely high evaporation rates [2kf 70]. Profcceding on this result, 
for ideal gases 
xAQ = — (III-1) 
Thus the determination of the mole fraction at the interface requires a 
knowledge of the vapor pressure of the evaporating component at its 
surface. 
A great quantity of vapor pressure data are available from a 
number of references [19, 20, 3^, ̂ 1, k2, 72, 7*0. Stoll [59] presents 
an extensive listing of vapor pressures as functions of temperature that 
have been obtained experimentally. All substances selected for 
diffusivity measurements were chosen from those which had vapor pressure 
data appearing in Reference [59]- The temperature of the liquid-gas 
interface was recorded during all tests by a thermocouple approximately 
.lmm from the liquid's surface. The mean interface temperature during 
the test was used to determine the vapor pressure from plots of the 
data previously discussed. The ambient pressure was measured by a 
barometer and corrected for temperature. The ratio of the equilibrium 
surface vapor pressure to the atmospheric pressure was then equated to 
the interface equilibrium mole fraction. 
The dimensionless molar average velocity, Q, arises in the trans• 
formation of Equation (II-IO) and is defined to be 
XA0 ex^"Q2] 
(l - x A 0 ) / ^ (1 + erf Q) 
(III-2) 
which may be rearranged to 
XA0 = Cni-3) 
1 + 
e x p [ Q 2 ] Q JH ( l + e r f Q,) 
Thus, once the equilibrium interface mole fraction has been evaluated, 
a value of Q may be determined. Since Equation (III-3) is implicit in 
Q, and quite awkward, a plot was made of the values of Q, as a function of 
x from Reference [3] plus additional values of the parameters generated 
using Equation (III-3) to insure the curve was faired correctly. The 
scales on the plot were chosen to make the determination of Q, as a 
function of x very accurate when the graph was read. This method was 
A.U 
found to be sufficiently accurate and much less time consuming that 
iterating Equation (ill-3) for a value of Q,. Care had to be taken in 
the evaluation of Q, and x. since a small error in the determination of 
Q was found to cause appreciable change in the value of the diffusivity. 
Molar R e f r a c t i v i t i e s 
The molar r e f r a c t i v i t y of a i r , N_, was obta ined as fo l lows . The 
Lorenz-Lorentz equat ion for a i r i s 
28 
ru - 1 RT, 
NB = -V~0 ~f (m"̂  
n^ + 2 
where T„ are P are respectively the air temperature and pressure. The 
D 
index of refraction of air, n , is dependent upon the air temperature, 
pressure, and relative humidity. The correction factor for relative 
humidity is given by Reference [7̂ -] to be, 
OAl x 
(nB - 1) = (nDB - 1) - —^T- (HI-5 
where rL^ is the index of refraction of dry air and x is the mole 
DB wv 
fraction of water vapor in the air. Since the air is assumed to be an 
ideal gas, the mole fraction is the ratio of the water vapor partial 
pressure to the total pressure 
x = - ^ (Ill-b) 
wv P J 
The partial pressure of the water vapor was determined from a psychro-
metric chart using measured values of the wet and dry bulb temperatures 
The correction factor for temperature and pressure has the form 
SB-
1)T,P= ("DB'^rf f (III"7) 
r 
Combining Equations (III-5), (III-6), and (III-7) yields 
29 
n7 = 1 + (n 
T 0.1+1 P 
DB 1) — — -y r P T r 
II 
10 P 
(1 I I -8 ) 
which contains the corrections for pressure, temperature, and the 
presence of water vapor in the air. 
Reference [7*0 contains dry air index of refraction data for a 
reference temperature of 288°K and a reference pressure of 1.0 atmosphere 
(760 mm). A straight line interpolation was used to determine (n__ - l) 
Do 
at the interferometer wavelength to be O.OOO27658. The equation used to 
determine now becomes 
„ B = 1 + 0 . 0 0 0 2 7 6 5 8 ^ 1 ^ k 
10 P 
(111-9) 
where P is in ram of Mercury and T is in °K. Using the assumption that 
n - 1 ~ 2 , _ , 
-5 = r- (n - 1) 
n + 2 5 
(III-10) 
The Lorenz-Lorentz Equat ion , ( I I I -U) becomes 
2 RT^ ,_ 
N„ = 
3P 
0.00*7*8 ^ M * 





which was the form used in computing the molar refractivity of air. The 
humidity correction was found to be on the order of only 0.3 percent 
and could be omitted if desired with little loss in accuracy. 
The molar refractivity of the evaporating substance, N , was 
Pi 
30 
also calculated using the Lorenz-Lorentz Equation in the form 
nA - X MA 
NA = ^ 2 T ( I I I - 1 2 ) 
A nA + 2
 PA 
For all the reference substances, data for the index of refraction and 
density are available from Reference [72] in which optical data are 
o o o 
presented at four different wavelengths, -̂3̂ -0.6 A, U861.5 A, 5893.0 A, 
o 
and 6563.O A for the substances in the liquid state. However, the molar 
refractivity is very nearly independent of phase, temperature, and 
pressure. This enables the use of the liquid phase data for values in 
the vapor phase. In order to obtain the molar refractivity at the 
test wavelength, the values at the four available wavelengths were 
computed using Equation (111-12) and plotted. The molar refractivity 
o 
at X = 5820.0 A was then interpolated from graphs similar to that shown 
in Figure 2. 
For most of the substances of unknown diffusivity, the index of 
o 
refraction was available at only \ = 5893-0 A from Reference [7̂ -]- A 
o 
method of correcting N to the test wavelength of 5820.0 A was necessary. 
Figure 2 shows that the variation in molar refractivity decreases with 
increasing wavelength. The average difference in the molar refractivities 
o o 
for the two wavelengths (5893 A and 5820 A) for the reference substance 
was less than 0.08 percent. The greatest difference was 0.1 percent and 
the smallest difference was 0.06 percent. Thus, the value of molar 
o 
refractivity at 5893-0 A of an unknown substance could be corrected 
using the average difference with reasonable assurance that the error 
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Selection of Test Substances 
Since not all volatile fluids are suitable for interferometric 
study, certain conditions had to be satisfied before potential test 
materials were considered acceptable. Two groups of test materials 
were selected. Materials referred to as reference substances were 
those with well established diffusivities and complete optical data 
available from the literature. Materials referred to as unknown sub-
stances were those with diffusivities previously undetermined experi-
mentally. The conditions for selection of both reference and unknown 
test substances were: 
1. Vapor pressure data as a function of temperature had to be 
available. 
2. Sufficient optical data were necessary. All reference sub-
stances had index of refraction given at the four wavelengths listed 
previously. This enabled accurate computation of the molar refractivity. 
The reference substances were to be used to determine the accuracy of 
the interferometric method under consideration and were selected, in 
part, because of the completeness of existing information. Considerably 
less data were available for the substances of unknown diffusivity making 
necessary the application of the correction procedure previously discussed. 
3. Since there is more experimental diffusivity data available 
for non-polar substances, only polar materials were selected as unknowns. 
The reference substances with two exceptions were also polar. 
h. Substances of only moderate toxicity could be investigated 
in this study due to lack of ventilation in the laboratory. No venting 
was possible in the interferometer area since the air in the laboratory 
had to be still during the tests to avoid possible disruption of the 
fringe patterns. Toxicity data were found in References [25] and [30]. 
5. Reference substances needed well documented diffusivities so 
that comparison with experimental results would be meaningful. Unknown 
substances should have undetermined diffusivities. It is, of course, 
impossible to state categorically that the diffusivities of the sub-
stances selected as unknowns have not been experimentally determined. 
Values for their diffusivities have not been published in any of the 
major sources of diffusivity data [39, kO, Vf, 51, 68, 72] and to the 
best of the author's knowledge have not been previously determined 
exper imentally. 
The materials selected for potential investigation were: 
Name Chemical Formula Type of Substance Polarity 
1. Toluene C7H8 
Reference Non-polar 
2. n-Hexane C6HHi Reference No n-polar 
3. Methanol CV Reference Polar 
k. Acetone • C3H60 Reference Polar 
5. Methyl Acetate C3H60 Reference Polar 
6. Methyl Propionate w 2 Reference Polar 
7. Ethyl Formate C3H6°2 Reference Polar 
8. Dibromomethane Ch^Brg Unknown Polar 
9- 1-Ohloropropane C3E7CI Unknown Polar 
10. 2-Chloropropane c 3 V i Unknown Polar 
11. Vinyl Acetate W 2 Unknown Polar 
12. 2-Chlorobutane CU H 9
C 1 Unknown Polar 
3h 





15. Butyl Formate 
16. Propylene Oxide 
17. Butyl Bromide 





Unknown P o l a r 






All of the above substances are clear or slightly yellow, highly 
inflammable liquids at room temperature. Toxicity of those fluids for 
which data were available is low to moderate. Several of the substances 
were of unknown toxicity. 
Before making the final selection of the test substances, each 
candidate was evaluated to see if its combination of volatility and 
molar refractivity would produce sufficient fringe deflection for 
accurate diffusivity measurement. Recall Equations (II-30), (11-32), 
and (Il-Ml) 
1/ -2 exp[-(E-Qri 






Combining the above three equations and the derivative of E with respect 





yields, when solved for fringe shift 
m = 
3 Lg(ne - nQ)P r 
2 RT JH 
(\ ' V *A0 
(1 + erf Q) exp[E-Qn jD^t 
e (III-IU) 
A set of conditions that might occur during a test was then assumed. 
Further, for ease of calculation, E was assumed equal to zero (corres-
ponding to a condition of z = 0) and D = 0.09 cm /sec which is a 
nominal value for the type of substances under consideration. The 
assumption that E = 0 can change the estimated fringe shift by up to 
£m = 2. Since the estimation was qualitative, an error of this magnitude 
was of little consequence. With these assumptions made, and with the 
use of the nominal test condition data, the expression for fringe shift 
became 
m = cons tan t 
(NA - **-37) *A Q 
(1 + e r f Q) exp[Q2] / I 
(111-15) 
Equation (111-15) was used initially to determine which of the 
three interferometric sensitivity settings was to be used for each sub-
stance. An arbitrary time of one second was used in conjunction with 
the assumed test conditions to produce an estimated fringe shift for 
36 
each substance for each of the three Wollaston Prism settings. The 
prism that produced at least ten and preferably less than twenty fringe 
shifts at one second into the test was selected for use in the test 
runs . 
The equation was also used to check the selected camera speed 
setting. If the number of fringe shifts changed very rapidly with time, 
a higher camera speed was necessary to prevent blurring of the fringes. 
The estimated times for the appearance of thirty, twenty, and ten fringe 
shifts were calculated for each substance. These data were then used 
to determine the appropriate camera speed. If the fringes were changing 
at a rate greater than one fringe shift per twenty frames exposed, the 




The data acquisition system consisted of a differential inter-
ferometer, high speed camera with timing devices, diffusion cell, and 
temperature measurement and recording equipment. The remainder of this 
chapter presents details of the various components of the test equip-
ment used. 
Differential Interferometer 
A schematic diagram of the differential interferometer is shown 
in Figure 3- Brief descriptions of the operation of the differential 
Interferometer may be found in References [6] and [7] and a more exten-
sive description in Reference [15]. 
Light leaving the light source (LS) first passes through a filter 
o 
(5820 A used in this work). The light travels through a collecting lens 
(Ll) followed by a polarizer (P) which produces equal magnitude electric 
vectors. These components are focused on the first of three Wollaston 
Prisms (WPl) which causes the two components to diverge slightly as 
they leave the prism forming two separate rays. The Wollaston Prism 
is located at the focal point of the first spherical mirror (SMl). Thus, 
when the two rays reach the test section they follow parallel paths 
separated by a small lateral displacement referred to as the separation 
distance, Az, where 
SMI 
A - Analyzer 
E - Eyepiece 
F - Filter 
L - Lens 
LS- Light Source 
P - Polarizer 
PM- Plane Mirror 
SM- Spherical Mirror 
WP- Wollaston Prism 
SM2 
Figure 3. Schematic Diagram of a Differential Interferometer 
oc 
Az = 2g(n - n ) 6 (IV-1) 
and 
g = focal length of the spherical mirror 
(n - n ) = difference in index of refraction between extra-
e oy 
ordinary and ordinary rays in the Wollaston Prism material. 
9 = tan 9 = tangent of Wollaston Prism angle. 
Since the two separated rays pass through different regions in 
the test section, they experience different optical paths, 0, due to 
the variation in concentration of the diffusing vapor within the test 
cell. The difference in optical paths experienced by the two electric 
vector components can be expressed as 
Z$ = A(nL) = LAn = mX (lV-2) 
where 
L = length of diffusion channel in the direction of light 
propagation 
n = index of refraction of air at wavelength \ 
m = number of fringe shifts 
After passing through the test section, the rays are focused by 
the second spherical mirror (SM2) on the second Wollaston Prism (WP2). 
The second prism has been rotated l80° with respect to the first 
Wollaston prism so that its effect on the rays is to reverse the action 
ko 
of the first prism and to recombine the two rays into a single ray. 
The light then passes through a third Wollaston prism (WP3) which pro-
duces a phase shift between the two electric vector components. As 
the combined rays pass through the analyzer (A), interference is pro-
duced. The interference pattern appears as alternate light and dark 
bands which are deflected in the regions where there is a difference 
In optical path encountered In the test section. 
Since the separation distance, Az, is very small, the ratio of 
the change in index of refraction to the separation distance closely 
approximates the gradient in index of refraction. 
T ^ - T 1 (IV-3) 
Az 6z J 
When Equations (iV-l), (lV-2) and (IV-3) are combined an expression for 
gradient in index of refraction as a function of optical parameters and 
fringe shift may be obtained. 
to _ r x 
bz _ 2 Lg(n e -- n ) 9 J o 
m 'TV-k 
Equation (iV-k) Is used In Chapter II to convert the theoretical expres-
sion for diffusivity to one In terms of measurable test parameters. 
The differential interferometer used in this study was constructed 
in a manner that allows the rotation of the polarizer, Wollaston prisms 
and analyzer. Rotation of the interferometer arm containing the polar-
izer and first Wollaston prism allows the plane containing the two 
1+1 
parallel rays to intersect the test section at any angle. When the 
other arm containing the second and thrid prisms and the analyzer is 
rotated to the recombining position, the gradient in index of refraction 
may be measured in any arbitrary direction. The positions of the arms 
are coupled in that the second arm must be positioned to exactly reverse 
the ray splitting action of the first arm. 
The interferometer is equipped with three sets of Wollaston 
prisms attached to selector mechanisms. The prisms have angles of one, 
three, and eight degrees. Equation (lV-4) shows that the number of 
fringe shifts produced by a given concentration gradient is directly 
proportional to the Wollaston prism angle, 8. Thus, selecting different 
prisms allows for a variation in sensitivity to fit individual test 
conditions. 
Inherent in the optics of the differential interferometer Is the 
formation of a double image which Is referred to as a duplication edge. 
The duplication edge is the result of the blocking by the test object 
of one of the paired rays passing through the test section. Figure k 
schematically illustrates this phenomenon. It may be seen from the 
figure that one component of rays 2 and 3 has been blocked by the test 
object. When the rays are recombined after exiting the test section, 
a region of reduced Illumination will appear where only one component 
has passed through. A gray area is thus produced which is of a thick-
ness equal to the separation distance, Az, given by Equation (iV-l). 
It appears on all surfaces of the test object which have components 
normal to the plane containing the two separated rays. Since ray 1 
in Figure 1+ passes closest to the test object without having one 
Ray LA. 
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Figure h. Blockage of Separated Rays by Test Object 
Producing Duplication Edge 
4=-
po 
component blocked, it is the first ray capable of detecting a gradient 
near the tost surface. Thus, the gradient indicated by the number of 
fringe shifts at the top of the duplication edge is actually the gradient 
at a point Az/2 away from the surface of the test object. 
The interferometer was enclosed by a shield constructed for a 
free convection project. The back of the shield was removed to allow 
easier entry and exit of the test cell to the interferometer test section. 
Camera and Timing Devices 
The interferogram recording camera, mount, and timing equipment 
are shown in Figure 5. The camera was a Red Lake Laboratories Hy-Cam 
l6 mm High Speed model equipped with a l6 mm focal length lens. The 
film used was Kodak Reversal 7277, l6 mm high speed motion picture film. 
Camera frame speeds ranged between 100 and l6o frames per second. The 
camera was bolted to a mount which allowed sufficient freedom of move-
ment to product a properly aligned and sized image on the film. 
The camera was equipped with a neon flash tube for use with a 
timing system. This system consisted of a Red Lake Laboratories Milli-
Mite Timing Light Generator Model TLG-3 and a Kepco Laboratories Regulated 
Power Supply. The Milli-Mite was calibrated using a Hewlett Packard 
digital counter and found (after an extended warm-up period) to produce 
a constant 100.h pulses per second. Each pulse caused the neon flash 
tube to expose a small square on the edge of the film as it moved past 
the light. The indicator square did not interfere with the image on 
the film. Since camera fram speed was not constant during the acceler-
ation and deceleration phases of operation, the indicators were used to 
























Test (-ell and Support Htand 
The cell used in this study is schematically shown in a cross-
sectional view in Figure 6. The cell body consisted of three main 
sections, a base plate and two 25.h mm thick aluminum vertical walls 
that bolt to the base plate. The vertical walls each had two bolt-on 
flanges which were adjusted with shims to insure that the walls were 
parallel and 25.̂ 4- ram apart. The base plate was machined from a single 
piece of 25.̂ 1- mm thick aluminum stock. It contained a channel 25.̂ 4- mm 
wide and 3•18 mm deep for the test fluid. 
A shim made of 0.51 mm thick stainless steel was used to cover 
the fluid in the channel before the evaporation process was initiated. 
The shim material was thick enough for sufficient rigidity but thin 
enough to avoid disruption of the air at the interface as it was 
extracted. The shim was clamped so that it rode in a trough in the base 
plate. This guide made It possible to withdraw the shim assembly from 
the cell without the shim jamming against the glass end plates. The 
shim was extracted by hand since Grob [26] in similar circumstances 
found that mechanical and electrical shim removal systems proved 
unsatisfactory. 
Both vertical walls and the base plate contained seals to prevent 
premature leakage of the vapor into the test cell. The rear butt seal 
was made of 3•18 mm thick closed cell neoprene foam. The front wiper 
seals were made of 6.35 ram thick stock of the same type material. The 
lower front seal was cut In a trapezoidal shape and glued to a wooden 
support to help it maintain its shape as the shim was extracted. The 
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Lowe r sr cnt Seal 
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Filling lube 
Figure 6. Schematic Cross Sectional Diagram of lest Cell 
through the shim slot. Both front seals were always in contact with 
the shim. The end seals were cut from O A m thick neoprene sheet. 
The ends of the cell were machined flat so that they provided 
a smooth surface to which the glass end plates could be clamped. The 
end plates were 6.35 mm thick poured plate glass. The poured plate, 
while not optically flat, proved suitable for use with the one and three 
degree Wollaston prism sensitivity settings. When the eight degree 
prisms were used, more significant deflections appeared in the fringe 
pattern due to the slightly irregular thickness of the glass. The end 
plates were held in place by five clamps on each end of the cell. 
The test cell was mounted on the main supporting frame of the 
interferometer by means of four threaded members and a clamp system. 
This allowed adjustment of the cell in the field of view of the inter-
ferometer. The assembled test cell is shown on its support stand in 
Figure 7. 
The amount of test fluid to be placed in the cell for a test 
was determined by carefully measuring the volume of the channel. This 
value is important because it determines the location of the liquid-air 
interface. It was found that the amount of fluid necessary to fill the 
channel (liquid surface flush with the top of the channel sides) was 
27 ml. This volume was measured with a graduated cylinder before each 
test. 
Three different methods were used to charge the cell with the 
liquid. Each method was a modification of a previous method in an 
attempt to improve the earlier techniques. The first two methods involved 
filling the channel from the top of the cell. They were unsatisfactory 
Glass end 
Plate 
End Plate Clamps 
Shim Assembly 
Support Frames 
Figure 7- Test Cell on Support Stand 
Locking Nut 
Height Adjustment 
and Leveling Nuts 
Filling Tube 
T/C Junction Strip 
Support Rod 
due to splashing of the test fluid and difficulty in clearing the cell 
of the vapor after inserting the shim. The third method, which gradually 
introduced the test liquid through a hole in the base plate, was found 
to minimize splashing, premature diffusion, and entrapment of air bubbles 
in the liquid. The filling system is shown in the schematic drawing of 
the cell in Figure 6. 
The original design of the cell allowed the channel that was to 
hold the diffusing liquid to be machined the full length of the base 
plate. As a result, the liquid was able to come in contact with the 
glass end plates and by capillary action to wet the end plates, the 
rear seal, and eventually the shim. Therefore, the ends of the channel 
had to be sealed to avoid this problem. Several unsuccessful attempts 
were made before a solution was found which would avoid this problem. 
Additional material was milled away at the ends of the channel and 3-l8 
mm thick pieces of aluminum were simultaneously force fitted and glued 
in place with a silicone sealant. The tops of the end plates were then 
filed flush with the top of the base plate to allow viewing of the 
liquid-air interface. This modification proved satisfactory during 
preliminary testing, but gradual erosion of the original sealant by 
the test liquids eventually caused leakage problems. Also during pre-
liminary tests, difficulties were encountered with the fluid coming in 
contact with the bottom of the shim. To correct this situation, additional 
spacers were placed under the flanges of the vertical walls. Another 
spacer was placed under the lower, front seal to force the shim to ride 
on the upper, front seal. The wetting problem was alleviated when the 
shim had been raised to a point 0.6 mm above the liquid surface. 
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Temperature Measurement and Recording 
The need to measure test cell temperatures was twofold. First, 
the interface temperature and the air temperature immediately above the 
interface were parameters needed in the reduction of data. The inter-
face temperature was used to determine the vapor pressure of the diffus-
ing fluid, which, in turn, was used to evaluate the equilibrium mole 
fraction. The air temperature was used to determine the molar refracti-
vity of the air in the cell. Second, the test cell temperatures were 
used to insure that the system had reached thermal equilibrium before 
initiating a test. 
Five thermocouples (four in the cell and one external to the cell) 
were used in conjunction with a thermocouple selector switch, potentio-
meter and strip chart recorder to determine system temperatures. Thermo-
couple locations and nomenclature are shown schematically in Figure 8. 
The liquid bulk and interface termocouples were made from 0.127 
mm diameter, teflon coated, copper-constantan wire. They were inserted 
in a threaded plug and held in place by rubber-silicone sealant. The 
plug was removable for cleaning and replacement of the liquid thermo-
couples if necessary. The 0.3 Trim bead of the interface thermocouple 
was located immediately below the surface of the liquid so that it 
would accurately determine the surface temperature. The liquid bulk 
thermocouple was located approximately 1.59 ram deep in the 3-l8 mm deep 
channel. This thermocouple was used in the determination of equilibrium 
and was not required for data reduction. The liquid bulk thermocouple 
also served as a backup for the interface thermocouple as it could 
easily be relocated to a position near the surface. 
Room A.ir 
"ell Mia Air 





To Cold Junction 
Figure 8-. Test Cell Schematic Tiagram Jiving Thermocouple 
Locations and Nomenclature 
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Two air thermocouples were located in the cell as shown in Figure 
8. The room air thermocouple was located outside of the cell. The near-
air thermocouple was located immediately above the shim when the shim 
was in the closed position. The mid-air thermocouple was located approxi-
mately 50.00 mm above the interface. The leads for the two air thermo-
couples in the cell ran through a hole drilled in the rear vertical wall. 
All three air thermocouples were made from 0.25̂ 4- ram diameter copper and 
constantan wire. 
All the cell thermocouples were connected to a junction strip 
attached to the base plate. This allowed the thermocouple leads to be 
disconnected so that the cell could be removed from the interferometer 
for cleaning after each test. From the cold junctions the leads were 
connected to either a ten-way selector switch or to the strip chart 
recorder. The room-air thermocouple by-passed the junction strip and 
was routed directly to the ice-bath cold junction. 
Two recorders were used during the tests. When available, a 
Moseley Autograph Model 7100BM dual pen strip chart recorder was used 
to monitor the interface and near-air temperatures continuously during 
the tests. The alternate recorder was a Leeds and Northrop ADJ AZAR 
single pen recorder. When only one recording channel was available, 
the interface temperature was recorded during the test since the vapor 
pressure is a stronger function of temperature than the molar refracti-
vity. 
The thermocouples that were not connected to the recorder were 
routed through the selector switch to a Leeds and Northrop Volt Potentio-
meter. The outputs of these thermocouples were manually measured and 
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recorded before and during each test. In addition to the above data, 
the wet and dry bulb temperatures in the laboratory were measured with 
a sling psychrometer after each test. 
5h 
CHAPTER V 
TEST PROCEDURE AND DATA REDUCTION 
Test Procedure 
Each new test series started with the cleaning of the test cell 
with distilled water to insure that no material from the previous test 
was present. After cleaning, the cell was completely dried before 
assembling. Next, the rear seal was inserted in its seat and the rear 
wall properly positioned. The rear wall was checked with a machinist's 
square to make certain it was perpendicular to the base plate. The 
locations of the liquid-bulk and interface thermocouples were then 
checked and adjusted if necessary. 
Next, the lower front seal was positioned and lubricated with a 
small quantity of petroleum jelly. The shim assembly was then placed 
in the guide trough with the shim extending over the seal. The upper 
front seal was also lubricated and the front wall placed in position. 
Before the front wall was tightened, the separation of the walls was 
checked with a gauge block to insure the width of the diffusion path 
was 25.h mm. The bolts holding the front wall in place were then 
secured and the shim pushed to the initial position in which it touched 
the rear seal. The clearance of the near-air thermocouple was checked 
to insure that it was as close as possible to the shim without touching. 
The glass end plates were then cleaned with solvent. Next, the 
end seals were positioned, the glass placed over them, and clamped into 
position with one end clamp. The position of each end seal was adjusted 
and the remaining end clamps tightened. The seals and clamps were then 
inspected again for possible interference with the passage of light 
through the cell. Tape was then placed over the gaps between the cell 
base plate and vertical walls and extended to the glass in an attempt 
to prevent leakage. 
The high speed camera was loaded with film and the timing device 
checked for proper voltage input. The interferometer filter was removed 
allowing bright, full intensity, white light to pass from the light 
source into the test region of the interferometer. 
The test cell was then placed on the support stand in the test 
section. The upper locking nuts were placed on the threaded shafts but 
not tightened. The leads to the four cell thermocouples were attached 
to the junction strip on the base of the cell and the cold junctions 
inserted in the ice bath. The cell was then pivoted on the support 
struts to align the vertical walls with the light passing through the 
test section. This was accomplished by observing the incidence of the 
light on the inner and outer surfaces of the front wall of the cell. 
Since the light-rays passing through the test region are theoretically 
parallel, the cell could be moved until only a small amount of scattered 
light was incident on either side of the front wall. The alignment was 
checked by observing the clarity of the inner edges of the cell walls, 
and by maximizing the observed distance between the cell walls as seen 
through the interferometer. The upper locking nuts were then tightened 
to fix the location of the cell and the test wavelength filter repositioned 
into the light path. 
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The cell was not aligned in the horizontal plane for each test. 
The support stand had two nuts under the cell on each of the four 
threaded shafts. Once the cell had been leveled the nuts were locked 
against each other to insure that they could not move. The leveling 
was therefore permanent. 
The next step in the test procedure required the checking of the 
thermocouples to see if they were connected and working properly. Both 
the strip chart recorder and potentiometer were then caliurated and 
checked, for proper operation. 
The proper cell charge was then measured in a clean graduated 
cylinder and introduced into the cell. Concurrent visual observation 
and reading of the thermocouples were used to determine when equilibrium 
had been reached. The fringes were observed through the camera eyepiece 
to see if any deflection occurred near the surface. Any deflection of 
the parallel fringe pattern would indicate that the evaporating vapor 
was leaking around the covering shim or that vapor remained in the cell 
from the filling process. If the fringes were deflected, air was blown 
into the cell to remove any residual vapor. The temperatures were checked 
again since introducing compressed air into the cell upset the equilibrium. 
A test would not be initiated until the potentiometer readings of 
the cell thermocouples were within the desired range of ± .001 mv from 
the mean. The temperatures of the interface and the air immediately 
above the shim were most critical since they were measured in the region 
where the data would be recorded. The initial (before pulling the shim) 
difference in these two temperatures never exceeded an indicated value 
of 0.05°K in the tests considered for data reduction. 
When equilibrium was apparently reached within the cell, the 
camera was started and the shim withdrawn by hand to start the diffusion 
process. The camera was timed with a stop watch and allowed to run for 
a predetermined interval depending upon the volatility and molar refracti-
vity of the test substance. The temperatures not being continuously 
recorded during the test were manually monitored and recorded during 
the test. 
After the test was completed, the cell was drained of the remain-
ing test liquid and removed to the cleaning and assembly area. The 
barometric pressure, the wet bulb, and the dry bulb temperatures required 
in the data reduction were then measured and recorded. This completed 
the procedure of each test series. 
Data Reduction 
The number of fringe shifts was determined by projecting the 
fringe pattern on a screen with an L/W Photo Optical Data Analyzer Model 
22^-A. The image on the screen was approximately ten times the size of 
the test cell. 
Before any fringe measurements were made, the film of the entire 
test was viewed to determine if there was any sloshing of the fluid as 
the shim was removed or leakage of the vapor around the shim before its 
extraction. If neither of these malfunctions was observed and if the 
film displayed sufficient clarity, the test was evaluated to determine 
the fringe deflection as a function of time. 
Usually from six to ten individual frames were selected for 
reduction. Whenever possible, the frame farthest from the beginning 
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of the test showed at least ten fringe shifts. This criterion for 
selection of the last (in time) interferogram to be analyzed resulted 
from a desire to minimize the error due to misreading of the fringe 
shift. This point will be discussed further in Chapter VI. The inter-
ferogram (selected for reduction) nearest the start of the test usually 
was the first frame of sufficient clarity for a reasonably accurate 
reading. Typically, for the more volatile test substances, the first 
frame reduced would have in excess of twenty fringe shifts. Between 
the end points, other frames were chosen at increments of approximately 
one fringe shift. The interferograms selected were marked and numbered 
for identification. 
Two different procedures were used in the data reduction to deter-
mine the number of fringe shifts on a given interferogram. During the 
first few test series the cell was positioned lower in the interfero-
meter's field of view than in subsequent tests. The view through the 
cell during the two groups of tests is shown in Figures 9 and 10. 
When the shim was extracted, the fringes deflected sharply in 
the vicinity of the interface. It should be noted that theory (Equation 
111-15) predicts an infinite interface fringe shift at time t = 0. The 
deflection of the fringes then slowly proceeded up the cell while the 
large initial deflection near the surface of the liquid diminished. 
During reduction of the first group of tests, the longer length of the 
fringes allowed sighting along the undeflected portion of fringe with 
a large triangle. Figure 11 shows how the intersections of the unde-
flected fringes and the duplication edge were determined. Once the 
undeflected fringe positions were established, the total fringe shift 
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Figure 9- Sample Interferogram - Group One 
Substance: Butyl Formate 
Figure 10. Sample Interferogram - Group Two 
Substance: Methyl Acetate 
6o 
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Figure 11. Determination of Undeflected 
Fringe Positions 
was determined by counting the integer fringe shift and adding a 
fractional fringe shift determined by linear interpolation. 
In the other tests this method for determining the undeflected 
positions could not be used since the new cell position allowed less of 
the fringes to be viewed. As the presence of the diffusing vapor spread 
up the cell, the length of the fringe that remained undeflected during 
the test was too short to accurately align the triangle. As a result, 
another measurement technique was developed for the tests in which the 
cell was higher in the interferometric field of view. 
At the beginning of each test the camera was started before 
pulling the shim from the cell. The portion of the film containing 
the undeflected fringe pattern was used to produce a reference pattern. 
The plumb bob and center three fringes were traced on a large sheet of 
paper. This reference fringe pattern was then aligned using the plumb 
bob and short undeflected portion of the fringes at the top of the pro-
jected interferogram under analysis. A new reference pattern was pro-
duced in the above manner for each test. 
After the undeflected fringe positions had been established, the 
deflections of the center three fringes were determined at the top of 
the duplication edge and at a line parallel to and 2^.h mm above it. 
After the deflections of all the selected interferograms were 
read, the number of timing indicators between the analyzed frames were 
counted and entered on data reduction forms. A conversion factor of 
O.OO966 (derived from the timing pulse calibration) was applied to the 
number of indicators to convert to real time elapsed between data points 
in seconds. The cumulative time, starting with t = 0 for the first 
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interferogram reduced, and the time increments between interferograms 
were then determined. 
The three readings of fringe shift at each height (top of dupli-
cation edge and 25.4 mm higher) were then averaged to produce two mean 
fringe shifts for each interferogram. The z dimensions were determined 
by using the known separation distance and by relating the measured 
projected cell width and actual cell width of 25.4 mm. The corrected 
fringe shift at the top of the duplication edge was then evaluated 
using Equations (11-57), (11-58), and (11-59)- The factor P given 
by Equation (11-63), "was computed over several intervals during the 
test, averaged, and used with the other parameters gathered from the 




The presentation of results in this chapter will be in approxi-
mate chronological order. Generally, the performance of the test equip-
ment was satisfactory except that premature diffusion of more volatile 
substances past the seals caused termination of the testing before study-
ing all of the candidate materials. The results of the tests do, however, 
allow conclusions to be drawn concerning the suitability of the differ-
ential interferometer in the determination of diffusivity. The testing 
was divided into several phases determined chiefly by the availability 
of the test equipment. 
The first tests were performed without using the interferometer 
to establish techniques for working with the test cell. These tests 
produced several modifications in the design of the cell. It was found 
that the shim covering the liquid would be wetted when the cell was sub-
jected to even slight vibration. The shim was elevated using spacers 
until the wetting ceased when the shim had been raised approximately 
0.6 mm above the liquid surface. Other modifications were suggested 
including the relocation of thermocouples and improvements to the 
system of seals. Efficient assembly, disassembly, and cleaning 
techniques were also developed. 
When the performance of the cell was thought to be satisfactory, 
it was placed on the stand in the interferometer for qualitative testing. 
(Irob |~2o] had experienced difficulty due to disruption of the fringe 
pattern caused by motion of the air adjacent to the shim as it was 
extracted. This potential problem was not encountered during the pre-
liminary tests and did not occur during subsequent testing. 
These early tests also demonstrated that the fringe patterns 
developed as predicted by theory. When the shim was removed, very 
large initial fringe deflection occurred near the surface with the 
number of fringe shifts diminishing rapidly with increasing distance 
from the surface. As time elapsed, the deflection of the fringes 
spread up the cell as the fringe shift at the interface decreased. 
Observation of the horizontal gradient indicated that only minimal 
departures from the one-dimensional assumption occurred in these 
preliminary tests. 
The initial tests using the camera were made without a strip 
chart recorder. The lack of reliable interface temperature data 
rendered these tests qualitative since accurate measurements of that 
temperature was vital in determining the correct equilibrium mole 
fraction. Upon examination, the films of the first few tests showed 
a black area in the vicinity of the interface which obscured the fringes. 
The black area was observed at and immediately above the liquid surface 
as the shim was removed and it persisted several seconds into the test 
before gradually fading enough for the fringes to be observed. As 
additional time passed, the black area disappeared altogether. It is 
thought that the black area was the product of severe scatter of the 
light in the vicinity of the interface. Realignment of the interfero-
meter and test cell reduced, but failed to eliminate, the black area 
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near the interface region. 
After the realignment was completed, additional runs were made 
using samples of acetone. The tests with the best film clarity were 
selected for reduction to develop the data reduction method. In the 
reduction of one preliminary test, the deflection of the center fringe 
on nine interferograms spanning 3-6 seconds was measured. The inter-
ferograms were numbered with the frame nearest the start of the test 
designated number one. Since the reduction was to be qualitative due 
to the previously mentioned lack of interface temperature data, special 
attention was paid to the variation of parameter P of Equation (II-63) 
with time. Theoretically, P should be a constant throughout the test. 
The nine interferograms initially selected for reduction were at very 
short time intervals (t, - t ). Eight values of P were calculated from 
v b a ° 
the nine interferograms and then averaged. The variation of individual 
values of P from the average was as high as ±12.5 percent even though 
a plot of fringe shift versus time produced a seemingly smooth curve 
which was the expected behavior. Investigation of the variation of P 
showed that relatively small changes in the value of fringe shift caused 
relatively large changes in the value of P. 
Checks on the reading error showed that for about ten fringe 
shifts, re-readings were usually within Am = 0.05 of the original values. 
For fringe shifts of less than ten shifts the error was still about ftn = 
0.05 which appeared to be the lower limit of the accuracy of the reading 
technique. Thus, an Increasing percentage error could be encountered 
by attempting to read interferograms with less than ten fringe shifts. 
As a result, Interferograms with less than ten fringe shifts were avoided 
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whenever possible. For the larger fringe shifts (m > 20), re-reading 
variations were as large as £m = 0.1. This was due to the decreased 
film clarity and the much narrower, more sharply inclined fringes 
encountered near the start of the test. However, due to the very large 
number of fringe shifts, the larger &n produced no more percentage error 
than the smaller &n later in the test. Errors of the magnitude encount-
ered in reading the fringe shift were capable of producing the large 
scatter in the computed values of P for the short time intervals being 
used. 
It was found that the variation in P could be reduced by select-
ing the pairs of interferograms to be compared at longer time intervals. 
Thus, instead of comparing interferograms 1 and 2, 2 and 3? 3 and k, 
etc., interferograms 1 and 5, 2 and 6, etc. were compared to find the 
value of P. (The interferograms were numbered consecutively starting 
with the frame closest in time to the time of shim removal.) In the 
case of the particular preliminary test under consideration, this new 
procedure reduced the variation in P to ± 5.0 percent. The new method 
was adopted for use in all future tests since it apparently produced 
a more accurate value of the test parameter P. 
When a strip chart recorder became available, further preliminary 
tests were performed to determine the behavior of the system temperatures 
in the vicinity of the liquid-air interface. As expected the thermo-
couple at the liquid surface showed temperature depressions when the 
shim was removed. This confirmed the need to continuously monitor the 
interface temperature due to the desire to have an accurate determination 
of the vapor pressure of the diffusing substance. The output of the 
thermocouple immedaitely above the interface was also being monitored 
and consistently indicated an increase on the order of 0.5°K in temper-
ature when the diffusion process was started. Since a decrease in 
temperature had been expected, additional tests were made to determine 
the reason for this behavior. Variations in diffusing substance, 
location of thermocouples, recording equipment, and room conditions 
changed only the magnitude of the temperature increase. Wo tests except 
those in which liquid acetone was purposely applied to the thermocouple 
bead with the cell disassembled produced temperature decreases. A poss-
ible explanation of this phenomenon could involve the adsorption of the 
diffusing vapor on the thermocouple bead which would produce the indicated 
temperature increase. 
The temperature recorded by the near-air thermocouple that 
exhibited the unexpected increase in temperature was used to calculate 
the air properties and to check for thermal equilibrium before starting 
each test. Since the molar refractivity of air is a weak function of 
the temperature and the increase recorded was of a small magnitude, the 
behavior of the thermocouple was not considered to adversely effect 
the results of the tests. 
The tests discussed to this point were made using the three 
degree Wollaston prism sensitivity setting. No significant fringe 
deflection was detected in the air above the shim before the shim was 
removed. Fringe deflections prior to shim removal would have indicated 
premature vapor leakage past the shim. Leakage of the test liquids 
from the cell occurred on approximately one-half of the attempted tests 
indicating the need for a refined cell charging procedure. 
a\ 
The preliminary tests were considered encouraging enough to pro-
ceed with the determination of the method accuracy by measuring the 
diffusivities of the reference materials. Tests of toluene, methanol, 
n-hexane, methyl propionate, methyl acetate, butyl formate, and butyl 
bromide were filmed. The first five of these substances have well 
documented diffusivities and were to be used as reference substances. 
The tests on toluene, methanol, methyl propionate and butyl formate from 
the above list were reduced. 
Observations of the film for data reduction indicated that only 
the tests made using the eight degree Wollaston prisms were suitable 
for analysis due to the appearance of the black area described previously. 
The tests using the lower sensitivity setting (one and three degree prisms), 
had the critical interface region blacked out over such a long time 
interval that the number of fringe shifts fell below the desired lower 
limit of ten by the time the black area had disappeared. Since the 
eight degree prisms produced proportionally greater fringe deflection 
at a given time, sufficiently large number of fringe shifts could be 
observed by the time the black area had disappeared. It was, therefore, 
decided that all future tests would be conducted using the higher 
sensitivity setting. This allowed for sufficient fringe deflections 
to be measured to minimize reading errors. Also, the recording of 
fringe shifts at long times from the instant of shim removal should 
have permitted the effects of Initial transients within the system to 
have been minimized. 
Since longer test intervals result from the use of higher inter-
ferometer sensitivity settings, the possible breakdown of the infinite 
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tube assumption must be considered. Evaluation of Equation (II-21) 
using nominal diffusivities and vapor pressures showed that the boundary 
condition of zero concentration of diffusing vapor at the top of the test 
cell was not violated. For the most volatile of the tested substances, 
the time required for diffusing particles to reach the top of the cell 
was approximately three times the duration of the tests. 
After another realignment of the test cell-interferometer system 
was made (using a new technique), a second series of tests was run. 
This group consisted of tests on acetone, methyl acetate (re-run), 
ethyl formate, vinyl acetate, butyl bromide (re-run) and dibromomethane. 
The films of most of the tests in this group showed extreme horizontal 
variations across the cell caused by sloshing of the test liquids. The 
realignment allowed viewing of this phenomenon for the first time in 
which the crests of waves could be seen moving rapidly back and forth 
across the cell. Of the eleven test films in this group only the tests 
of acetone, vinyl acetate, dibromomethane and methyl acetate were 
reduced. The remaining films were of very poor quality. More than one-
half of the tests attempted in this group were not filmed because of 
leakage of the test liquid from the cell before the shim could be 
removed. This leakage was due to the rapid deterioration of the seals 
in the ends of the channel caused by the exposure to the test liquids. 
The test substances used in the second group of tests generally 
were of greater volatility than those previously tested and were thus 
capable of producing greater fringe deflections. This fact, combined 
with the use of the higher sensitivity setting of the interferometer 
allowed the observation of leakage of vapor past the covering shim. 
The films showed that the initial condition of pure air above the shim 
was not being met in nearly all of the tests. Deflections of up to 
one-half fringe existed at the shim before starting some tests. Efforts 
to remove residual vapor with compressed air proved futile as the 
diffusing vapor was leaking past the shim at too great a rate. 
Based on poor simulation of the initial condition for substances 
tested in the second group and the even higher volatilities of the 
remaining candidate substances, the conclusion was reached that the 
cell was not capable of producing accurate, repeatable results for the 
higher volatility substances. Therefore, the taking of data was abandoned 
Data on the reference substances is presented to demonstrate the increas-
ing error produced by cell leakage with increasing volatility. 
Table 1 shows the values of the diffusivity of the reference sub-
stances compared with the values obtained by other investigators. It 
can be seen that the method of this study produces consistently lower 
values of the diffusivity than those measured by other investigators. 
The test values have been corrected to a 25°C, 760 ram lig condition using 
Equation (V-l). 
= DAB (T)\4o) ^ 
A B 25°C, 760 mm Hg A B T , P V T ' V 7 6 ° ' 
where P is in mm of mercury and T in degrees Kelvin. The best results 
are seen to be for the lower volatility substances while the error 
generally increases with increasing vapor pressure. 
Although the exponent in Equation (V-l) is known to vary, the 
second power best represents the substances under consideration [26, 39; 
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72]. Since the tests were carried out at temperatures between 22°C and 
25 C, the impact of the temperature correction is small and is not a 
factor in the discrepancy between tested and reference values of the 
diffusivity. 
Diffusivities of previously untested substances determined in 
this study and corrected to 25 C and 760 mm Hg are given below: 
DT. , 1 w . . . = 0.09^0 cm
2/sec 
Butyl Formate-Air ' 
D = O.O697 cm2/sec 
Vinyl Acetate-Air ' 
D1V, ,, A• = 0.0552 cm /sec 
Dibromomethane-Air ' 
Caution must be exercised in the use of these values since no 
better accuracy may be expected than in the case of the reference sub-
stances . Thus, the reported diffusivity values are quite probably 
lower than the true diffusivities. 
Table 1. Reference Substance _est Results 
All D._ Corrected to T = 25 C & P = 7b0 mm Hg 
AD 
•J 
Units of cm /sec 
DAB A v e r a S e of 
Substance DAB This Study °]o Low Other Inves t ig ; a,tors References P [ram Hg] @ 25°C v 
Toluene 0.813 3.9/o 0.081+6 [ 3 9 ] , [ 5 1 ] , [ 7 2 ] 29 
Methanol 0.150 h.5i 0.157 [ 3 9 ] , [ 5 1 ] , [ 7 2 ] 120 
Methyl Aceta te 0.0757 23.5$ O.O989 [ 3 9 ] , [ 7 2 ] 208 
Methyl Propionate O.O829 k.6f> O.O869 [39 ] , [72 ] 81+ 
Acetone 0.0928 13.3* 0.1070 [ 3 9 ] , [ 5 2 ] 229 
Note: None of the tests made with additional reference substances n-hexane and ethyl formate were 





A method has been developed for measurement of the mass diffusi-
vity of volatile liquids. The method utilizes fringe shift data pro-
duced by a differential interferometer applied to a transient one-
dimensional evaporation model. The method was used to determine the 
mass diffusivity of eight substances; five reference substances with 
well documented values of mass diffusivity and three unknown substances 
whose diffusivity has previously been unreported. The accuracy of the 
method decreased as the substance volatility increased. Values for 
the low volatility substances were within h percent of published 
values while those for the higher volatility materials differed by 
as much as 2\\ percent. 
The chief cause of inaccuracy in this study was the poor simu-
lation of the theoretical model by the cell; specifically;, violation 
of the Initial condition. Leakage of vapor past the covering shim 
caused contamination of the air above the shim before starting each 
test. The presence of the diffusing substance in significant quantity 
above the shim caused gradients smaller than predicted by theory to be 
measured early In the test. The gradients detected later in each test 
were closer to the theoretical values. The deviation from the theoret-
ical rate of change of gradient test parameter P which in turn resulted 
In low diffusivity values. The leakage past the shim also diminished 
7̂  
the repeatability that the system should have demonstrated since 
different amounts of leakage occurred in each test. 
It is apparent that a high degree of accuracy was not attain-
able with the current cell. The liquid must be completely isolated 
from the stagnant air before the test is started. This necessitates 
seals for the ends of the shim making viewing of the surface impossible. 
However, since the simplification obtained by surface viewing (z = 0 
implies E = 0) proved illusory, the inability to view the interface 
should not incapacitate future investigations. Problems will arise in 
fringe deflection measurement away from the interface due to diffi-
culties in obtaining accurate positional data. A referencing system 
could overcome this problem, allowing accurate determination of 
distance from the interface. Another problem will arise due to the 
rapid decrease in fringe shift with distance from the interface which 
is particularly noticable in the early stages of each test. Since 
potential error increases with decreasing fringe shift, the distance 
from the interface in which accurate measurements may be made is 
limited. 
While it is possible for the differential interferometer and cell 
used in this study to produce reasonably accurate diffusivity data for 
low volatility substances the disadvantages of the method must be 
considered. 
1. The number of substances that may be interferometrically 
investigated is limited. Many materials do not have the combination of 
volatility and molar refractivity necessary for production of sufficient 
fringe deflections for accurate measurement. The need for both optical 
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and physical data and the requirement of moderate toxicity further 
limit the number of candidates. 
2. It is the nature of the equations to amplify errors In 
measurement of the fringe shift and vapor pressure, 
3. Adaptation of the system to measure diffusivity at temper-
atures and pressures other than those In the laboratory would be very 
difficult. 
Although the method of diffusivity measurement developed In 
this study might be refined to produce more accurate data, the physical 
difficulties encountered outweigh the advantages gained by use of the 
technique. The conclusion must, be drawn that other means of diffusi-
vity measurement are capable of producing more accurate experimental 
values with the expenditure of less time and effort. 
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